. Comparison o f enzymic and physicochemical properties o f cathepsins B, L, N a n d S f r o m rabbit spleen Enzyme activities were tested, in the presence of 10 mM-cysteine, against a variety of protein and synthetic substrates as shown and reported as mol of substrate hydrolysed/min per mol of cathepsin. The concentration of each enzyme was determined by titration with Ep475 (by Barrett & Kirschke, 1981) using the collagen assay. Mr values were determined by gel filtration on Sephadex G75. Isoelectric points were determined in an ethylene glycol-stabilized preparative column. n.d,, Not detected. Abbreviations: Z, benzyloxycarbonyl; NMec, N-methylcoumarin; Bz, benzoyl. properties of the four cathepsins are recorded in Table 1 . Cathepsin S from rabbit spleen was similar to the previously described bovine cathepsin S except that it exhibited a different response in the two azocasein assays. As reported previously (Etherington, 1980) , cathepsin N caused little degradation of azocasein. However, in the presence of 3 Murea, which is now used routinely in the assay for cathepsin L, cathepsin N exhibited substantial activity. Furthermore cathepsin N exhibited only a weak gelatinase activity unless 3M-urea was also included. Cathepsins N and S were completely resolved from cathepsins B and L by IEF. IEF gels were prepared and the enzymes located by applying an agarose-substrate overlay. In each overlay examined the differences in specificity were confirmed from the intensities of the digestion zones. IEF gels were also used in an imniunodiffusion assay with an antiserum raised against rabbit cathepsin L (Etherington et al., 1984) . A precipitin arc was formed only at the position of cathepsin L and not the positions of cathepsin B, N or S. In spite of many years of research effort, the cell biological and molecular mechanisms involved in intracellular protein degradation have not been elucidated. It is not known if proteins are destroyed in situ in each biosynthetically determined cytomorphological site or whether proteins can be transferred from each site for degradation. If proteins can leave their functioning sites, then the exit and translocation mechanism must be defined. Clearly intracellular translocative steps in protein catabolism cannot be observed by classical pulse-chase procedures with radiolabelled amino acids which label all cellular proteins. Therefore we decided to microinject soluble proteins into selected target cells so that the cell biological and molecular mechanisms involved in controlled protein degradation can be understood. Previously, we found that homologous injected (scrapeloaded or erythrocyte-microinjected) 3T3-Ll cytosol proteins do not distribute like endogenous counterparts on cellular fractionation, are degraded somewhat slower, and adopt a degradation mechanism which is much more susceptible to inhibition by NH4C1 (32-75%) than endogenous counterparts (1 5%). Microinjected cytosol proteins are recovered from recipient cells in a sedimentable fraction (6 x lo6 gav. min) irrespective of labelling or method of injection. The results suggested that injected 613th MEETING, CARDIFF homologous cytosol proteins can be distinguished from endogenous counterparts, segregated into a sedimentable fraction and degraded predominantly by a lysosomal mechanism (Doherty & Mayer, 1985) . Previously, microinjected heterologous proteins have differentially become resistant to detergent extraction, proteins not readily extracted being more obviously degraded lysosomally (Rechsteiner et al., 1984) .
The biochemical meaning of sedimentability is obviously necessary to understand the degradative fate of injected soluble proteins. The cytosolic space is criss-crossed by several filamentous systems (microtubules, microfilaments and intermediate filaments), some of which might be expected to associate with injected soluble proteins. We therefore adapted a sequential detergent-salt extraction procedure designed to prepare cytoskeletal fractions (Friedman et al., 1984) to characterize the nature of injected material. Injected cells were subjected to sequential extraction with digitonin (extracts cytosol proteins), Triton X-100 (extracts membrane proteins, proteins in membranelimited vesicles and microtubules), potassium iodide (extracts actin and related proteins) leaving a residue (enriched in vimentin-containing intermediate filaments and related proteins). The distribution of injected proteins after sequential extraction is shown in Fig. 1 . We tested several protein preparations since if cells do not treat homologous proteins like endogenous counterparts (Doherty & Mayer, 1985) the cytoplasm of recipient cells must be challenged with a variety of injected probes to understand its properties. Fig. l(a) shows that immediately after microinjection radioiodinated muscle lactate dehydrogenase (and pyruvate kinase, not shown) is segregated into the intermediate filament compartment. Subsequently some of the muscle enzyme is translocated to the cytosolic compartment from where it is apparently further translocated slowly to the vesicular and actin-filament-related compartments. The initial rapid (4 h) apparent decrease in the muscle enzyme in the intermediate filament compartment is due to cells not adhering to plates and ejection of enzyme from the cells into the medium (Doherty & Mayer, 1985) . Muscle lactate dehydrogenase is degraded very slowly (like in vivo) with a tllZ of 165 h, which is increased approx. 70% by NH4C1 (Fig. la inset) . Slow degradation may be a con- 
. Distribution of trichloroacetic acid-insoluble radioactivity from microinjected cells extracted with detergents and potassium iodide
( a ) Cells microinjected with 12SI-lactate dehydrogenase were extracted successively with digitonin ( 1 mg/ml) in (0) 0.25 M-sucrose/3 ~M -E D T A /~O mM-Hepes, pH 7.4, ( 0 ) 1% (w/v) Triton X-100 in 0.5 m~-M g C l~/ 0 . 1 mM EDTA/lOOmM-Pipes, pH 6.8, or ( 0 ) 300 mM-potassium iodide, leaving an insoluble residue which was scraped into phosphate-buffered saline (m). The inset shows the degradation of 12sI-lactate dehydrogenase calculated for the appearance of trichloroacetic acidsoluble radioactivity in the medium above microinjected cells. ( b ) Cells microinjected with 'z51-bovine serum albumin. Extractions, symbols and inset are as described for (a) . sequence of retention in the intermediate filament fraction together with slow translocation to the actin-filamentrelated and vesicular compartments.
shows that injected bovine Serum is always found in the cytosolic compartment of 3T3-Ll cells and is rapidly degraded ( t i n 21 h) by a ~~c h a n i s m little affected by NH4Cl (approx. 20%). This result provides conclusive evidence that cytosol has a proteolytic system. We gratefully thank the M.R.C. for support. Immediately after birth, biochemical changes in the rat liver initiate glucose production and thus allow recovery from the immediately postnatal hypoglycaemic phase (Girard et al., 1973; Snell & Walker, 1973) . The hormonal stimulus for these changes has generally been considered to be the increase in glucagon and decrease in insulin observed in the neonate (DiMarco et al., 1978; Portha et al., 1978) . However, the detailed timing of these changes in hormone levels in relation to the metabolic changes suggests that the fall in the glucagon/insulin ratio may not be the sole determining event in the initiation of postnatal hepatic glucose production, and that catecholamines may play an important role.
To investigate this matter, hepatocytes were isolated from perinatal rat liver, and the effects of hormones on glucose production by the freshly isolated cells was examined. In addition, the 0-adrenoceptor population of hepatic membranes prepared from perinatal rats was investigated using radioligand-binding techniques.
Hepatocytes were isolated from fetal rat livers on days 20, 21 or 22 post coiturn, or from neonatal rat liver on day 1 post parturn, by collagenase digestion. The cell viability was determined by Trypan Blue exclusiond and was always >90%. Hepatocytes were incubated at 37 C in the absence or presence of hormone, and the glucose concentration of the supernatant measured using the hexokinase/glucose-6-phosphate dehydrogenase method on a Cobas-Bio autoanalyser. Glucose production was calculated as pmol/ 1 O6 cells. For the radioligand-binding assay, membranes were prepared from fetal rat liver on days 20, 21 or 22 post coiturn, or neonatal rat liver on day 1 post parturn. [.1251 ]-Iodopindolol was used to label 0-adrenoceptors in these membranes. Non-specific binding was determined in the presence of 200 pM 4soprenaline. The p1 -antagonist atenolol and the &-antagonist ICI 118 551 were used to estimate the relative numbers of the 0-adrenoceptor subtypes.
M) were shown to cause a greater increase in glucose production by term fetal hepatocytes than glucagon M), which had a negligible effect. After time-course experiments, 30 min was chosen as suitable for further experiments. Basal and adrenaline-stimulated glucose production by isolated hepatocytes increased up to term and decreased after birth. Dose-response curves (10-9-10-6 M) showed maximal sensitivity to the effects of adrenaline on glucose production at term, reflected in a minimal ECso value (5.6 x low9 M ) at this age.
Binding Bmm. values (as means f S . E . M . , n = 3 ) for total 0-adrenoceptors were 12.8 f 3.2, 18.3 f 2 . 3 , 30.4 f 4.1 and 21.6 f 4.1 fmol/mg of protein for days 20, 21, 22 post coiturn, and day 1 post parturn, respectively. B,,,. values for 0 2 -adrenoceptors were 15.3 f 3.4, 27.6 f 3.1 and 19.8 k 2.9 fmol/mg of protein for days 21, 22 post coiturn, and day 1 post parturn, respectively. Total 0-adrenoceptor numbers were significantly lower than at term (day 22 post coiturn) on day 20 (P <0.01) and on day 21 post coiturn (P < 0.05); f12 -adrenoceptor numbers on day 21 post coiturn were significantly lower than at term (P<0.05).
(pz -Adrenoceptor numbers were calculated using data from saturation assays performed in the presence of 5 x Matenolol, calculated to occupy 90-100% of fl, -adrenoceptors.)P2 -Adrenoceptors represented 85-90% of the total 0-adrenoceptor number throughout the perinatal period, a finding confirmed by computer analysis of displacement curves.
The work reported here confirms a possible role for catecholamines in the postnatal onset of hepatic glucose production. P-Adrenoceptor numbers and adrenalineresponsiveness both reach a peak at term. In adult male rat liver, catecholamine effects on glucose production are mediated via a-adrenoceptors (Exton & Harper, 1975; Hutson et al., 1976) . Our preliminary studies suggest that in term fetal liver the 0-adrenoceptor is of greater importance in effects on carbohydrate metabolism: the stimulation by adrenaline of glucose production by isolated fetal hepatocytes is completely blocked by the 0-antagonist propranolol. This hypothesis is reinforced by the work reported here.
